The last 20 years of advancement in DNA sequencing technologies have led to the sequencing 1 3 of thousands of microbial genomes, creating mountains of genetic data. While our efficiency in 1 4
ability to unlock connections between microbes and the organisms they interact with. However, 1 0 5 large data warehouses such as this are typically maintained by expensive teams of data and 1 0 6 domain experts. The immense scale of microbial data is economically incompatible with this 1 0 7 kind of centrally-funded approach, and the same resolution would not be achieved. One way or 1 0 8 another, the greater scientific community, encompassing both active scientists and interested 1 0 9 members of the general public must be empowered to contribute their mental energy in a 1 1 0 community-wide collaborative effort (9) . Here, we propose that Wikidata may provide the 1 1 1 means to achieve this goal. database generates the opportunity to distribute the labor of data curation across a far broader 1 1 7 community than was before realistic. In doing so, it offers a new approach to the knowledge 1 1 8 integration problem that is ideally suited to the challenge of representing the exploding body of 1 1 9 information about microbial genomics. Here, we describe the initial work of building a Wikidata-1 2 0 based representation of microbial genetics. Wikidata as a centralized microbial database:
A centralized resource for microbial genomics will need to capture a wide variety of different 1 2 4 kinds of entities and relationships to support useful queries. Rather than attempt to build a 1 2 5 system that models all of this complexity up-front, we are taking the approach of seeding the broader community to see the opportunity to collaborate on its evolution. Wikidata provides an 1 2 8 ideal technical and social platform for undertaking this project. Its schema-free nature naturally As a starting point for seeding the collaborative creation of a centralized microbial database in 1 3 4
Wikidata, we established the structures needed to represent the entities and relations depicted 1 3 5
in Figure 1 . In the context of Wikidata, this work amounts to the creation of a set of 'items' and 1 3 6 'properties' that are used to describe features of those items. The 'ontology' of Wikidata is determined by the set of properties that may be used to create 1 5 3 claims about the items within it. Entities can be created at any time, but properties can only be must first be proposed and subjected to discussion with the community. Once consensus is 1 5 6 achieved, the property is created by the administrator and is immediately available for use. The properties needed to support our current data model are listed in Table 1 . It is worth noting 1 5 9 that most of these properties are either generic (i.e. subclass of) or defined by the Molecular Some of the general purpose properties such as 'product', 'part of', 'cause of', and 'regulates' aspects of the current model that are more specific to representing microbial data are depicted One key requirement for modeling microbial data is the capacity to represent multi-species, Chlamydia trachomatis #Q131065) defined by the core properties 'NCBI Taxonomy ID' (P685) 1 7 7
('813') , 'Taxon Rank' (P105)('species') and 'Parent Taxon' (P171)('Chlamydia'). Since genome annotations are based on the genome assembly of the specific strain sequenced 1 8 0 and that genome assembly has its own unique identifier (i.e. NCBI RefSeq Genome Accession On the molecular level, the gene and protein must be kept as distinct entities, while maintaining properties of a human gene item, including 'Entrez Gene ID' (P351) and 'Subclass of' (P279), 1 8 9 but , 'Found in taxon' (P703) was added to distinguish which strain/genome assembly this 1 9 0 8 particular gene came from. The gene links to its product item via the 'Encodes' (P688) property 1 9 1 and reciprocally, the protein item will link to the gene that encoded it by the 'Encoded by' (P702) 1 9 2
property. Core properties for microbial protein include 'RefSeq Protein ID (P637), 'UniProt ID' showing items and the statements that connect them. Item types are demarcated by label and color (i.e. Given the data model depicted in Figure 3 and encapsulated in the properties listed in Table 1 Wikidata items and relationships needed to realize the operon data structure in Figure 1 . This 2 1 0 information can be accessed through the various APIs offered by Wikidata 2 1 1 (https://www.wikidata.org/w/api.php, https://query.wikidata.org/). As an example, a user can 2 1 2 easily retrieve all genes, proteins, and gene ontology annotations for the two strains of 2 1 3
Chlamydia that are currently loaded using a wikidata SPARQL query (Figure 4 ). organisms that descend from wd:Q10876 (Bacteria). This query may be executed at 2 2 0 https://query.wikidata.org/. Note that the query actually requests this information for all bacteria through the "?taxa 2 2 3 wdt:P171* (parent taxons) wd:Q10876 (Bacteria)" aspect of the query. As more bacterial 2 2 4 genomes are loaded by us or other groups, the same query will return more and more data. As another example, the following SPARQL query returns all operons, their regulators, and their 2 2 6 products ( Figure 5 ). in taxon. This query may be executed at https://query.wikidata.org/. Revisiting the example question regarding organisms that are likely to be related to the 2 3 4 persistence of chlamydial infections, we can ask what microbes are located in the female 2 3 5 urogential tract and capable of generating indole as follows ( Figure 6 ). (wd:Q5880) and that have a gene with product (P1056) indole (wd:Q319541). This query may be 2 4 0 executed at https://query.wikidata.org/. Wikidata is certainly not a replacement for core data curation centers such as NCBI and 2 4 4
UniProt. But it could form the basis for a complementary, stable, and cost effective approach for 2 4 5 capturing content that is either left trapped in the literature or represented only in small 2 4
